Emotional-neutral pairs of visual scenes were presented peripherally (with their inner edges 5.2°away from fixation) as primes for 150 to 900 ms, followed by a centrally presented recognition probe scene, which was either identical in specific content to one of the primes or related in general content and affective valence. Results indicated that (a) if no foveal fixations on the primes were allowed, the false alarm rate for emotional probes was increased; (b) hit rate and sensitivity (A') were higher for emotional than for neutral probes only when a fixation was possible on only one prime; and (c) emotional scenes were more likely to attract the first fixation than neutral scenes. It is concluded that the specific content of emotional or neutral scenes is not processed in peripheral vision. Nevertheless, a coarse impression of emotional scenes may be extracted, which then leads to selective attentional orienting or-in the absence of overt attention-causes false alarms for related probes.
findings are consistent with an evolutionary perspective: For adaptive purposes, the perceptual system is biased toward efficiently discovering threat and harm, as well as benefit and pleasure (see Lang, Bradley, & Cuthbert, 1990) . Automatic (i.e., quick and efficient, and even independent of awareness and volition) processing of such stimuli is assumed to be functional in readily recruiting resources to either cope with potentially harmful events or to take advantage of beneficial situations. This would enable the individual to prompt a rapid preservative or protective response, and thus maximize benefit and minimize harm. Most prior research using emotional faces or scenes has focused on the temporal component of such an emotional processing enhancement mechanism, that is, the perceptual threshold or the time course of encoding of emotional stimuli. As a complementary approach, studies are needed that examine the spatial component, that is, a possible broadening of the functional field of view when detecting emotional scenes. The role of spatial attention has been assessed in many studies on emotional face processing using ERP measures (see Eimer & Holmes, 2007; Palermo & Rhodes, 2007; for reviews) . In contrast, this issue has been addressed to a much lesser extent in studies on emotional scene processing (with ERP measures, Keil, Moratti, Sabatinelli, Bradley, & Lang, 2005 ; with behavioral measures, Calvo & Nummenmaa, 2007) . Also, in most of the previous studies neutral and emotional stimuli were presented one at a time. A complementary way to examine the preferential processing of emotional stimuli, that is, their relative accessibility to encoding, in comparison with neutral stimuli, involves concurrent presentation of these two types of stimuli. In the current study, we extended prior research by addressing both the spatial attention and the relative accessibility issues.
The specific research question is, therefore, whether the content of emotional visual scenes is analyzed when these appear in peripheral areas of the visual field-outside of the focus of overt attention (without eye fixations)-and whether this involves preferential processing of emotional scenes over concurrent neutral scenes. There are some arguments for predicting such a broadening of the visual field. First, given that most of the objects in a rich visual environment normally fall beyond the limits of our foveal vision, adjustments should take place in the breadth of the visual field to maximize the probability that events with special adaptive significance are detected. Second, results obtained with the dotprobe procedure (Mogg, Bradley, Miles, & Dixon, 2004 ), the visual search task (Blanchette, 2006) , and the exogenous cuing paradigm (Fox, Russo, Bowles, & Dutton, 2001) , suggest that emotional pictures (including faces, objects, and scenes) may receive preferential attention outside of foveal vision. These studies show facilitated processing of emotional images compared with neutral images that appear concurrently but away from a central fixation point. Nevertheless, these studies were not designed to investigate the role of stimulus spatial eccentricity on content identification, as the tasks normally allowed fixations to be made on the stimuli following their parafoveal or peripheral presentation.
Third, findings of selective orienting of eye movements toward emotional scenes presented concurrently with neutral scenes in the visual periphery are particularly relevant to the issue under investigation. In the Calvo and Lang (2004) and the Nummenmaa, Hyönä, and Calvo (2006) studies, pairs of one emotional and one neutral scene (or two neutral scenes), were presented simultaneously for 3 s, with their inner edges between 4.0°and 9.2°away from a central fixation point. Participants were instructed to respond whether the two scenes were of the same valence or not. Calvo and Lang found that the probability of first fixation and the viewing time during the first 500 ms were greater for both pleasant and unpleasant scenes than for the paired neutral scenes. This early selective orienting to emotional stimuli was replicated by Nummenmaa et al. Furthermore , in the Nummenmaa et al. study, the emotional picture of each pair was more likely to be fixated first and gazed longer than the neutral picture during the first-pass viewing (i.e., the time elapsed since the eyes landed first on a picture until they exited it) not only during free viewing conditions, but also when the participants were instructed to look at the neutral picture first and to keep fixating it. In contrast, after the first 650 to 700 ms, the participants were able to control their gaze and comply with the instructions (i.e., look at the neutral picture, when requested) for the rest of the 3-s display time. This was interpreted as an early involuntary attention capture by emotional content, which requires effort and time to be counteracted voluntarily.
The selective orienting to peripheral emotional scenes suggests that something of them is perceived by covert attention that brings about an overt eye fixation to them. The question is whether this "something" involves (a) meaningful and specific content, (b) global or "gist" information (Underwood, 2005) , or (c) whether the attraction of saccades is determined merely by low-level visual features. According to theories based on saliency mapping models (Parkhurst, Law, & Niebur, 2002) , visual attention is guided to the scene or scene region that has the highest perceptual weight within the saliency map, and perceptual weight of each location is initially determined by factors such as luminance, color, texture, and so forth. Only after a scene object (or its nearby regions) has been fixated, semantic factors begin to influence the saliency map. However, the results of the Calvo and Lang (2004) and Nummenmaa et al. (2006) studies cannot be accounted for by the saliency mapping theories, as the emotional and neutral scenes were comparable in luminance, contrast, and color saturation. An alternative hypothesis that orienting is driven by peripheral processing of emotional content was not examined by Calvo and Lang or Nummenmaa et al., as these authors did not take any measure of scene mental representation. The possibility that semantic content of (nonemotional) scenes is processed outside of foveal vision has recently received support (De Graef, 2005; Underwood, 2005) . The gist (or scene category) can be extracted peripherally, without the identification of individual objects in the scene (Gordon, 2004; Thorpe, Gegenfurtner, Fabre-Thorpe, & Bülthoff, 2001 ). Accordingly, an interesting issue to be investigated is whether emotional valence is sufficiently salient to be detected peripherally, and what type of meaning (detailed vs. gist) can be extracted prior to overtly attending to the scenes.
To address these issues, we examined in the current study (a) whether the specific content of emotional scenes is more likely to be identified than that of neutral scenes when they are presented in the visual periphery, and (b) whether this advantage involves genuine peripheral processing or, rather, depends on overt attentional orienting. To this end, we presented pairs of prime pictures (one neutral, one emotional) with a visual angle of 5.2°away from a central fixation point for a short duration (150 ms) to prevent any fixations on the target pictures (Experiment 1). Given that the minimum saccade latency (i.e., the time to initiate an eye movement from the current fixation to another stimulus) is about 150 ms (see Rayner, 1998) , this short presentation time was deemed to be adequate to assess peripheral processing. In subsequent experiments, pairs of emotional and neutral pictures were presented peripherally either for 300 ms (Experiment 2A) or for 450 ms (Experiment 2B), to allow time for an eye fixation on only one picture of the pair; or for 900 ms (Experiment 2C), to allow a fixation on both pictures. If genuine peripheral processing of emotional content occurs, an advantage in the identification of emotional over neutral scene content will appear in the 150-ms condition. In contrast, if foveal attention is required for content identification, such an advantage will appear only when scenes can be overtly attended, that is, in the longer display conditions. The aforementioned distinction between truly peripheral processing (i.e., in the absence of eye fixations) and foveal processing (i.e., with eye fixations) was directly tested by means of eye-movement monitoring (Experiment 3).
The presentation of the prime picture pairs was immediately followed by a recognition test, in which we used two types of probe pictures to assess the type of information acquired from the primes. On half of the trials, the probe had the same specific content and affective valence as one of the primes (the identical condition). On the other half, the probe was different in specific content from the primes, but it was of the same affective valence and general topic as one of the primes (the related condition). In all cases, the prime and the probe differed in color (full color vs. grayscale), size (smaller vs. larger), and spatial orientation (probes were mirror images of the primes), to minimize the contribution of perceptual features and maximize the role of meaning in recognition. Evidence for the processing of specific semantic content would show up as more accurate (i.e., higher hit rate and detection sensitivity) and faster recognition of identical probes for emotional than for neutral scenes. In contrast, if the advantage in the processing of emotional primes is only due to extracting a general impression about its affective significance, there will be more false alarms (rather than hits) for related emotional probes than for related neutral probes, accompanied by a poor discrimination between the identical and the related emotional scenes (as both shared the same emotional valence).
Experiment 1
Pairs of emotional-neutral prime pictures were presented peripherally for 150 ms to either side of a central fixation point, followed by a mask and a probe picture for recognition. The probe was either identical in content to one of the prime pictures (targetpresent trials) or related in gist and affective valence (targetabsent, or catch trials). The related probes in the catch trials were used to assess false alarms and estimate detection sensitivity.
Method
Participants. The 28 participants (20 women) in Experiment 1 and those in the following experiments were undergraduate psychology students (between 18 and 25 years of age) at La Laguna University, who participated for course credit. They were informed that they would be presented with photographs, some of which could be pleasant or unpleasant in content.
Stimuli. In all the experiments, we used the same 128 stimuli. For the target-present trials, 64 digitized color photographs were presented as target stimuli, of which 32 were of neutral in affective valence (i.e., nonemotional), 16 were unpleasant and 16 were pleasant. Each emotional picture was randomly paired with a neutral picture on each trial. All target pictures portrayed people, either (a) in a variety of daily activities (neutral scenes), or (b) suffering harm (unpleasant scenes: violent attacks, seriously injured or dead people, or expressions of pain, crying, or despair), or (c) enjoying themselves (pleasant scenes: sports and recreational activities, heterosexual erotic couples, expressions of love, happy families. and babies). For the catch trials, an additional group of 64 pictures were selected. Each of these pictures was matched with one of the target pictures in topic, presence of people, valence, and arousal. Thus, the target and the matched scenes were similar in general content and emotionality, but their specific content was different. All the target stimuli and most of the matched stimuli were selected from the International Affective Picture System (IAPS; Center for the Study of Emotion & Attention, 2005) 1 . Figure 1 shows examples of the target and matched scenes.
When presented as primes, all pictures were in their original colors and spatial orientation, but reduced in size. Each prime picture subtended a visual angle of 13.3°(width: 11.2 cm) by 10.9°( height: 9.2 cm). A central fixation point was located horizontally between the two pictures, at 5.2°of visual angle (4.33 cm) from the inner edge of each picture. Accordingly, the distance from the fixation point to the center of each picture was 11.8°. When presented for recognition, as probes, all pictures were in grayscale, increased in size (35.8°by 26.9°), and their left-right orientation was mirror reversed.
Apparatus and procedure. The pictures were displayed on a SVGA 17" monitor with a 100-Hz refresh rate, connected to a Pentium III computer. The E-Prime software (Schneider, Eschman, & Zuccolotto, 2002) controlled stimulus presentation and response collection. Participants had their head positioned on a chin and forehead rest, with their eyes located at a distance of 48 cm from the center of the screen. Response accuracy and latency were collected through presses on specified keys of the computer keyboard.
Participants were informed that they would be presented with pairs of photographs, and that they should fixate an initial central cross until two color photographs appeared, one of which could be presented for immediate recognition. It was made clear that the photograph for recognition would increase in size, change from color to grayscale, and change in left-right orientation. The participant was to respond, as soon as possible, whether this modified photograph had, nevertheless, the same content ("the same people doing the same things") as one of the two previously paired photographs, by pressing a "Yes" key (L) or a "No" key (D). Twelve practice trials were followed by 128 experimental trials. Figure 2 shows the sequence of events on each trial. A trial started with a fixation cross for 750 ms, followed by a 100-ms blank interval, after which the cross reappeared for 150 ms. This "flashing" of the cross served to capture the viewer's attention on the central location just before the prime pictures appeared. Next, a pair of prime pictures (one emotional, one neutral) was displayed peripherally for 150 ms. Following prime offset, a mask (a random combination of colors) was presented for 500 ms. Finally, a probe picture (either a target or a matched item) appeared for recognition until the participant responded.
Each participant saw each of the 128 experimental pictures only once as a probe in the recognition test. The target probe appeared in one block (either first or second) and the corresponding matched probe appeared in the other block (second or first). Participants saw each picture as a prime four times (twice in each block), each time paired with a different picture. On two occasions, the to-beprobed picture appeared in the left visual field; on another two, in the right field. In both visual fields, the prime preceded an identical probe (i.e., target trials) and a related probe (i.e., catch trials) once. On target trials, the probe was identical in specific content, although different in color, size, and orientation to one of the primes. On catch trials, the probe was related in topic and emotionality to one of the primes, although different in form (color, size, and orientation) and specific content. This produced a within-subjects factorial combination of 3 (emotional valence of the prime: unpleasant vs. neutral vs. pleasant) ϫ 2 (prime-probe relationship: identical vs. related in content) ϫ 2 (visual field of the prime: left vs. right). The trials were presented in random order.
Results
Characteristics of the stimuli. We compared the three groups of pictures (unpleasant, neutral, and pleasant) with respect to their rated affective valence and arousal, as well as low-level image properties. Table 1 shows the mean scores for these variables.
Valence and arousal ratings for each picture (in a 9-point scale) have been obtained in norming studies (Lang, Bradley, & Cuthbert, 2005) . Valence (unpleasantness vs. pleasantness) reflects the dominant motive system activated (avoidance or approach). Arousal reflects the intensity of motive system activation, from calm to tension. A Valence Category (unpleasant vs. neutral vs. pleasant picture) ϫ Relatedness (target vs. matched pictures) analysis of variance (ANOVA) on valence rating scores yielded a strong effect of category, F(2, 122) ϭ 811.15, p Ͻ .0001, with significant differences between all three categories (all post hoc ps Ͻ .0001, after Bonferroni-corrected multiple comparisons). The effects of relatedness, F(1, 122) ϭ 0 and the interaction, F(2, 122) ϭ 1.34, p ϭ .27 were not significant. For arousal ratings, the effect of valence category, F(2, 122) ϭ 32.28, p Ͻ .0001, revealed higher arousal scores for the unpleasant and the pleasant stimuli than for the neutral stimuli (both ps Ͻ .0001), but no difference between the pleasant and unpleasant stimuli. The effects of relatedness and the interaction were not significant, both Fs Ͻ 1. The lack of any interaction is important because it rules out the hypothesis that improved recognition of emotional scenes could be due to a closer match of valence and arousal between emotional primes and probes, as compared with neutral primes and probes.
Using Adobe Photoshop 6.0, we computed color saturation (red, green, and blue) values for each target picture, and with Matlab (The Mathworks, Natick, MA) we calculated basic image statistics such as mean luminance, variance of luminance, root mean square (RMS) contrast, kurtosis, skewness, and energy (see Kirchner & Thorpe, 2006) . The luminance and contrast of some of the original pictures were readjusted to make the three valence categories Note. Standard deviations are in parentheses. A different subscript indicates significant differences between scene categories (if two scores share an identical subscript, they are equivalent). RMS ϭ root mean square.
Relatedness) ANOVAs on each of these characteristics. The effects of relatedness were not statistically significant, all Fs Ͻ 1, except for RMS: F(1, 122) ϭ 2.27, p ϭ .14, ns. Most important, the interaction was not significant, all Fs Ͻ 1, except for luminance variance: F(2, 122) ϭ 2.79, p Ն .073, ns, after corrections for multiple contrasts. This rules out the hypothesis that improved discrimination between presented (target) and nonpresented (matched) pictures for one valence category, relative to the others, could be due merely to more low-level visual differences between the primes and the probes for that valence category.
Recognition data. The probability of hits (PH; i.e., correct "yes" responses to probes in target-present trials) and false alarms (PFA; i.e., incorrect "yes" responses to probes in target-absent trials) in recognition performance were converted to an index of sensitivity or discrimination, A' (see Snodgrass & Corwin, 1988) ; where A' ϭ 0.5 ϩ (PH -PFA) * (1 ϩ PH -PFA)/(4 * PH) * (1 -PFA). A' scores vary from low to high sensitivity in a 0 to 1 scale. In addition, a response bias index (B") was computed (see Snodgrass & Corwin, 1988) , according to the formula:
. B" scores vary from Ϫ1.0 to ϩ 1.0: A positive value indicates a strict or conservative criterion, a zero value indicates a neutral criterion, and a negative value indicates a liberal or lenient criterion.
The mean scores for each dependent variable in Experiment 1 are presented in Table 2 . A series of 3 (emotional valence: unpleasant vs. neutral vs. pleasant) ϫ 2 (visual field: left vs. right) repeated measures ANOVAs were conducted for the probability of hits and false alarms, sensitivity, and reaction times for hits. For all the experiments, a significant main effect of valence was examined further by Bonferroni-corrected post hoc comparisons.
The effect of emotional valence was not significant for the probability of hits, F(2, 54) ϭ 1.67, MSE ϭ 0.027, sensitivity, or response bias scores, Fs Ͻ 1. Furthermore, the hit rates did not differ from the chance level (i.e., .5; all one-sample t tests Ͻ1.2, p Ͼ .20). However, the effect of valence was reliable for the false alarm rate, F(2, 54) ϭ 9.33, MSE ϭ 0.014, p Ͻ .001, with more false alarms for both unpleasant and pleasant scenes (both ps Ͻ .01) than for neutral scenes. Reaction times were not reliably affected by any factor.
Discussion
When the primes were presented peripherally for 150 ms, the probe recognition hit rate was at the chance level for all types of scenes. Moreover, there was no advantage of emotional over neutral stimuli in either hit rates or sensitivity scores. This implies that no information about the specific content of scenes (i.e., the identity of the portrayed objects, people, or actions) was acquired in peripheral vision. In contrast, with a parafoveal presentation of the same stimuli, Calvo and Lang (2005) found that emotional scenes were more likely to be recognized than neutral scenes, as revealed by both hits and sensitivity scores. Furthermore, Calvo (2006) compared a parafoveal and a peripheral condition in a within-subjects design, and observed an interaction between emotional valence and eccentricity of the primes: The recognition advantage for the emotional stimuli occurred in the parafoveal but not in the peripheral presentation condition.
An additional new finding of Experiment 1 is the significant effect of emotional valence on false alarms, which in contrast, did not appear in the previous studies using parafoveal stimulus presentation (Calvo, 2006; Calvo & Lang, 2005) . Under peripheral prime presentation, there were more false alarms for emotional than for neutral stimuli. A possible explanation is that a gist impression was obtained from the emotional scenes in peripheral vision, rather than a detailed representation of object identities. This reasoning is based on the fact that false alarms represent incorrect "yes" responses to probe pictures that had not been presented as primes, but that were related in general content and emotional valence to the presented primes. If participants obtained only a global impression of the primes, this would lead them to confound a probe with a nonpresented, but related prime, and to wrongly accept the probe as presented. If, instead, the specific content of the prime stimuli had been processed, this should have been reflected in an increased hit rate and sensitivity for the target probes, which was not the case. The alternative interpretation that the higher false alarm rate for emotional than for neutral scenes could be due to response biases is not supported, as there were no differences in the response bias index (B") as a function of scene valence category.
Two predictions can be made based on the aforementioned hypothesis that a coarse impression of peripheral emotional scenes can be extracted, but not a detailed semantic representation of its components. First, only when there is sufficient time to make an eye fixation on the prime stimulus, will specific information be acquired from peripherally presented emotional scenes, and to a greater extent than from neutral scenes. This implies that there is no genuine specific semantic processing of peripherally presented scenes. To obtain an accurate semantic representation, the scenes need to be overtly attended. To examine this prediction, we increased the prime stimulus duration in Experiments 2A, 2B, and 2C. Second, eye movements will be initially directed to the emotional rather than to the neutral picture of each pair. The reason is that, if a coarse gist impression of emotional content can be obtained peripherally, this will attract overt attention first to the emotional scene. This prediction was assessed in Experiment 3 using eye-movement monitoring.
Experiments 2A, 2B, and 2C
Emotional-neutral picture pairs were presented peripherally for 300, 450, or 900 ms (Experiments 2A, 2B, and 2C, respectively), to examine the extent to which overt attention (i.e., foveal fixation) is necessary to identify the specific content of peripheral visual scenes. Given the estimation of minimum saccade latency of 150 ms and a modal fixation duration for pictorial stimuli of about 225 ms (see Henderson & Hollingworth, 1998) , we assumed that: (a) in the 300-ms condition, only one very short, incomplete fixation would be possible on only one picture of the pair; (b) in the 450-ms condition, a single complete fixation could take place only on one picture; (c) in the 900-ms condition, at least one complete fixation could be made on both pictures. Accordingly, if emotional scene content attracts covert attention peripherally but overt attention is required for the identification of emotional scene content, an advantage for emotional relative to neutral scenes will occur when there is enough time to look at only one picture, that is, in the 450-ms condition. In contrast, in the 300-ms condition, the time available for foveal inspection of the scene may be insufficient for the processing of specific semantic content, which will lead to increased false alarms, rather than more hits and higher sensitivity for emotional than for neutral scenes. In the 900-ms condition, there should be no differences in any recognition measure as a function of emotional valence, as both prime pictures could be overtly attended.
Method
There were 24 (17 female), 24 (16 female), and 24 (18 female) participants in Experiments 2A, 2B, and 2C, respectively. The method was identical to that of Experiment 1, except that the prime pictures were presented for 300, 450, or 900 ms, instead of 150 ms.
Results
Separate analyses for each experiment. The mean scores for each dependent variable are shown in Table 3 . Initially, 3 (Emotional Valence) ϫ 2 (visual field) repeated-measures ANOVAs were conducted for each experiment separately. In Experiment 2A (300-ms display), the effect of emotional valence was significant for the probability of hits, F(2, 46) ϭ 12.95, MSE ϭ 0.022, p Ͻ .0001, and false alarms, F(2, 46) ϭ 4.04, MSE ϭ 0.017, p Ͻ .025, but not for sensitivity scores, F(2, 46) ϭ 2.57, MSE ϭ 0.007, p ϭ .09, or response bias scores, F Ͻ 1. Post hoc comparisons indicated that there were more hits, but also more false alarms, for both pleasant and unpleasant scenes than for neutral scenes ( ps Ͻ .05). Reaction times for hits varied as a function of visual field, F(1, 23) ϭ 8.47, MSE ϭ 23,315, p Ͻ .01, with faster responses when the probe pictures were presented as primes in the left (M ϭ 838 ms) than in the right field (M ϭ 912 ms).
In Experiment 2B (450-ms display), the effect of emotional valence was significant for the probability of hits, F(2, 46) ϭ 19.44, MSE ϭ 0.015, p Ͻ .0001, and sensitivity scores, F(2, 46) ϭ 13.14, MSE ϭ 0.005, p Ͻ .0001, but not for false alarms or response bias scores, Fs Ͻ 1. The hit rate and sensitivity scores were higher for both pleasant and unpleasant scenes than for neutral scenes ( ps Ͻ .01). Reaction times for hits were shorter when the probe pictures were presented as primes in the left (M ϭ 850 ms) than in the right field (M ϭ 915 ms), F(1, 23) ϭ 4.36, MSE ϭ 35,250, p Ͻ .05.
In Experiment 2C (900-ms display), there were no reliable effects on the probability of hits, false alarms, sensitivity, response bias scores, or reaction times (all ps Ͼ .15).
Pooled analyses of four experiments. To examine the role of overt attention, Experiments 1, 2A, 2B, and 2C were combined in a 4 (prime display duration: 150 vs. 300 vs. 450 vs. 900 ms) ϫ 3 (valence) ϫ 2 (visual field) ANOVA. For the probability of hits, main effects of display duration, F(3, 96) ϭ 32.20, MSE ϭ 0.087, p Ͻ .0001, and valence, F(2, 192) ϭ 29.02, MSE ϭ 0.023, p Ͻ .0001, were qualified by their interaction, F(6, 192) ϭ 2.78, MSE ϭ 0.023, p Ͻ .025. The hit rate was lower in the 150-ms condition (M ϭ .538) than in all the other conditions (M ϭ .770 vs. .786 vs. .855, for the 300-, 450-, and 900-ms conditions, respectively), and lower in the 300-than in the 900-ms condition (all ps Ͻ .05). The interaction reflects the fact that the hit rate was greater for the pleasant and the unpleasant scenes than for the neutral scenes in the 300-and the 450-ms condition, but not in the 150-and the 900-ms condition, as indicated by the separate analysis of each experiment (see above).
The false alarm rate was affected by display duration, F(3, 96) ϭ 4.85, MSE ϭ 0.075, p Ͻ .01, and valence, F(2, 192) ϭ 8.58, MSE ϭ 0.015, p Ͻ .0001, with no interaction ( p ϭ .11). There were more false alarms in the 150-and 300-ms conditions (M ϭ .263 and .246) than in the 900-ms condition (M ϭ .151), as well as more false alarms for both unpleasant and pleasant scenes (M ϭ .231 and .236) than for neutral scenes (M ϭ .190 ; all ps Ͻ .05).
The analyses of the sensitivity index yielded main effects of display duration, F(3, 96) ϭ 39.46, MSE ϭ 0.034, p Ͻ .0001, and valence, F(2, 192) ϭ 2.99, MSE ϭ 0.010, p ϭ .053, which were qualified by their interaction, F(6, 192) ϭ 2.16, MSE ϭ 0.010, p Ͻ .05. Sensitivity scores were lower in the 150-ms condition (M ϭ .699) than in all the other display conditions (M ϭ .840 vs. .865 vs. .912, for the 300-, 450-, and 900-ms conditions, respectively), and lower in the 300-than in the 900-ms condition (all ps Ͻ .05). The interaction reflects the fact that sensitivity was higher for the pleasant and the unpleasant scenes than for the neutral scenes in . Latencies tended to be longer in the 150-ms (M ϭ 971 ms) than in the 300-, 450-, and 900-ms displays (M ϭ 873 vs. 883 vs. 887 ms, respectively), although the contrasts were not statistically significant after Bonferroni correction for multiple comparisons. Latencies were shorter for probes when the prime was presented to the left than to the right visual field (M ϭ 879 vs. 927 ms).
Discussion
The results of Experiments 2A, 2B and 2C, and their comparison with Experiment 1, revealed two main findings. The first is concerned with the role of overt attention to the peripherally presented stimuli. Identification of stimulus content, as shown by the sensitivity index, improved in all three display conditions that were assumed to allow foveal fixations on the pictures (i.e., the 300-, 450-, and 900-ms displays), in comparison with the condition that was assumed not to allow overt attention (i.e., the 150-ms display). A similar improvement occurred also for the hit rate, which was at chance level in the 150-ms condition and above chance in all the other exposure conditions. This implies that overt attention is required for the processing of specific semantic content of visual stimuli.
The second major finding is concerned with the advantage of emotional stimuli over neutral stimuli. Increased exposure time, and therefore the possibility for foveally attending to a peripheral stimulus, benefited more the identification of emotional scenes than that of the paired neutral scenes only in the 450-ms display. In the 300-ms condition, the hit rate advantage for emotional scenes was accompanied by a higher false alarm rate, which led to no difference in the discrimination index of emotional versus neutral stimuli. In the 900-ms condition, all recognition indices improved similarly for both types of scenes. These findings imply that only when there was time for one fixation on only one picture-which presumably occurred in the 450-ms conditionthe content of emotional scenes was processed more accurately than that of neutral scenes. In contrast, this recognition advantage did not occur in the 300-ms condition, presumably because only a very short, incomplete fixation would have been possible before the pictures were masked. This short fixation might have been sufficient to grasp the gist of the emotional scene, hence the higher false alarm rate, but insufficient to identify any specific details. In the 900-ms display condition, no differences occurred as a function of scene valence because there was sufficient time to look at both pictures at least once.
The interpretation of these findings rests on two assumptions. One is related to the time course of overt attention allocation to peripheral stimuli, that is, when an eye fixation starts on a prime picture and how many fixations viewers can make within a specified display duration. This is relevant to whether there is truly peripheral processing of emotional content, or whether foveal vision is indeed required, as argued above. The other assumption is related to bias in attentional orienting, that is, where the first fixation is directed when two pictures are presented simultaneously. We have assumed that, in conditions where there is time for only one fixation on only one picture (i.e., the 300-and the 450-ms displays), an emotional picture would be more likely to receive that fixation than a neutral picture. These assumptions were examined in Experiment 3.
Experiment 3
Pairs of emotional-neutral scenes were presented for 150, 300, 450, or 900 ms, in a within-subjects design, while participants' eye movements were monitored. This allowed us to assess whether a prime picture was foveally fixated during its presentation, which picture of the pair was fixated, when a fixation started, and how many fixations there were on each picture. This is useful to determine (a) the time course of overt attention allocation to peripheral stimuli, (b) whether peripheral emotional scenes are more likely than neutral scenes to capture attention, and (c) whether this can explain the recognition advantage of emotional scenes.
Method
Participants. Twenty-four undergraduates (18 women) participated for course credit.
Stimuli, apparatus, procedure, design, and measures. The same stimuli as in the previous experiments were presented on a 21" monitor, connected to a Pentium IV 3.2-GHz display computer. Participants' eye movements were recorded with an EyeLink II tracker (SR Research Ltd., Mississauga, Ontario, Canada), connected to a Pentium IV 2.8-GHz host computer. The sampling rate of the eyetracker was 500 Hz and the spatial accuracy was better than 0.5°, with a 0.01°resolution in pupil tracking mode. The viewing distance was 60 cm. The location of the prime pictures was readjusted to keep their inner edges 5.2°(5.4 cm) of visual angle away from the central fixation point. The size of the prime pictures was also readjusted accordingly (13.3°by 10.9°; 12.8 by 10 cm).
The procedure and experimental design were identical to those of the previous experiments, with the following exceptions. First, instead of a "flickering" cross as a central fixation point at the beginning of the trial, a drift correction circle generated by the eyetracker software was displayed. The peripheral primes were displayed when the participant was fixating this central circle. Second, each participant was presented with 32 trials in each prime duration condition (i.e., 150, 300, 450, and 900 ms). Trials were randomly assigned to each condition. Of the 32 trials, there were 8 neutral (left) with pleasant (right), 8 pleasant (left) with neutral (right), 8 neutral (left) with unpleasant (right), and 8 unpleasant (left) with neutral (right) pictures. On half of the trials, a target picture was probed; on the other half, a matched picture was probed. For each participant, the stimuli were different in each display condition. This resulted in an experimental design with three within-subjects factors: prime display duration (150 vs. 300 vs. 450 vs. 900 ms), prime valence (pleasant vs. neutral-pairedwith-pleasant vs. unpleasant vs. neutral-paired-with-unpleasant), and visual field of the prime (left vs. right).
From the eye movement data during the prime presentation, four measures were informative regarding the attentional assumptions to be tested: (a) the probability that a prime picture received a first fixation within the available display duration indexed selective attention orienting; (b) the time to initiate and perform a saccadic eye movement that landed on a prime picture revealed the speed of orienting; (c) the total number of fixations on each picture indicated attentional engagement; and (d) the total duration of fixations on the picture was used to index the available foveal processing time.
Results
The dependent eye-movement measures were subjected to 4 (prime display duration: 150 vs. 300 vs. 450 vs. 900 ms) ϫ 2 (visual field: left vs. right) ϫ 4 (prime valence: unpleasant vs. neutral-with-unpleasant vs. neutral-with-pleasant vs. pleasant) repeated-measures ANOVAs.
Probability of first fixation. A main effect of display duration, F(3, 69) ϭ 87.43, MSE ϭ 0.062, p Ͻ .0001, revealed significant differences between all four levels ( ps Ͻ .05), except between the two longer displays (the means were .001, .262, .354, and .360 for the 150-, 300-, 450-, and 900-ms displays, respectively). The main effects of visual field, F (1, 23) Figures 3A and 3B . Although there were no significant effects in the 150-ms display, main effects of visual field and valence emerged in the 300-ms display, F(1, 23) ϭ 10.14, MSE ϭ 0.160, p Ͻ .01, and F(3, 69) ϭ 9.34, MSE ϭ 0.022, p Ͻ .0001; the 450-ms display, F(1, 23) ϭ 9.00, MSE ϭ 0.274, p Ͻ .01, and F(3, 69) ϭ 10.56, MSE ϭ 0.020, p Ͻ .0001; and the 900-ms display, F(1, 23) ϭ 4.94, MSE ϭ 0.283, p Ͻ .05, and F(3, 69) ϭ 19.06, MSE ϭ 0.031, p Ͻ .0001, respectively: The probability of fixation was higher for the left than for the right visual field (see Figure  3A) , and also higher for the unpleasant and the pleasant prime scenes than for the paired neutral scenes (see Figure 3B ; all post hoc contrasts, p Ͻ .05).
Number of fixations. The main effect of display duration, F(3, 69) ϭ 111.34, MSE ϭ 0.388, p Ͻ .0001, reflected a significant difference between all four durations (150 ms ϭ 0.005; 300 ms ϭ 0.292; 450 ms ϭ 0.523; 900 ms ϭ 1.12). The main effect of visual field did not reach statistical significance, F(1, 23) ϭ 2.41, MSE ϭ 0.175, p ϭ .13, but that of valence did, F(3, 69) ϭ 8.29, MSE ϭ 0.224, p Ͻ .0001. In addition, there were interactions between duration and visual field, F(3, 69) ϭ 8.27, MSE ϭ 1.306, p Ͻ .0001, and between duration and valence, F(9, 207) ϭ 9.04, MSE ϭ 0.185, p Ͻ .0001. To decompose these interactions, separate ANOVAs were conducted for each display condition. In the 150-ms condition there were no significant effects due to floor effects (practically no fixations were made). In the 300-ms condition, main effects of visual field, F(1, 23) ϭ 9.44, MSE ϭ 0.207, p Ͻ .001, and valence emerged, F(3, 69) ϭ 12.53, MSE ϭ 0.298, p Ͻ .0001, which were also significant (or marginally significant) in the 450-ms condition, F (1, 23) DISPLAY TIME (in ms) Figure 3 . Probability of first fixation as a function of the visual field ( Figure 3A ) and the emotional valence ( Figure 3B ) of the prime pictures, for each prime display duration, in Experiment 3.
unpleasant than on pleasant pictures (M ϭ 1.15 vs. 1.04; all ps Ͻ .05).
Latency of first fixating a picture and mean duration of fixations. These data could not be properly analyzed statistically due to the minimal or low number of fixations in the 150-and the 300-ms conditions, and the highly unequal number of trials with fixations in the different display conditions. The qualitative analysis is, nevertheless, informative regarding the role of attention in peripheral processing. Mean latency of first fixating a picture was 175, 238, 255, and 258 ms in the 150-, 300-, 450-, and 900-ms conditions, respectively. For those trials in which there was time for a fixation to land on only one picture before it was masked, the mean fixation time was 4, 64, and 188 ms in the 150-, 300-, and 450-ms conditions, respectively. In the 900-ms condition, the fixation time on each of the two pictures was 246 ms.
Discussion
The results of Experiment 3 confirmed our assumptions regarding the time course of deployment of overt attention to the stimuli as a function of prime display duration, and also the assumptions regarding selective attention bias toward emotional stimuli. First, in the 150-ms condition there were practically no fixations on either picture. In the 300-ms condition there was a fixation only on one picture in 53% of trials; moreover, this fixation was of very short duration (it lasted for less than 100 ms prior to picture masking). In the 450-ms condition there was a fixation only on one picture in 71% of trials, and the duration of this fixation approached a typical duration observed in scene viewing studies (nearly 200 ms; see Henderson & Hollingworth, 1998) . In the 900-ms condition there was a fixation of typical duration (around 250 ms) on both pictures in 72% of trials, with an equivalent number of fixations made on the emotional and neutral stimuli. Second, emotional scenes were more likely to be fixated than neutral scenes when there was time for only one fixation, that is, in the 300-and 450-ms display conditions. Similarly, when there was time to look at both scenes (in the 900-ms condition), the emotional stimulus was more likely to be fixated before the neutral stimulus, although both stimuli were fixated on most of the trials.
These eye-fixation findings are relevant to explaining the recognition advantage of the peripheral emotional stimuli over neutral stimuli observed in the previous experiments. Such an advantage emerged for the sensitivity scores only when a fixation of normal duration could be made on an emotional picture (i.e., the 450-ms display). In contrast, there was no recognition advantage in the absence of fixations (i.e., 150-ms display), or when the fixation was necessarily very short (i.e., the 300-ms display), or when both the neutral and the emotional picture could be fixated (i.e., the 900-ms display). Accordingly, foveal inspection is required for the identification of specific content of scenes, and allocation of overt attention is needed for the advantage in the processing of peripheral emotional scenes to occur. Nevertheless, the initial selective orienting to emotional scenes suggests that something is seen of the peripherally presented emotional scenes before they are foveally fixated, and that this perception subsequently attracts the eyes to the picture.
General Discussion
We investigated in the present study (a) whether emotional scenes are more likely to be perceived than neutral scenes when they are presented concurrently in the visual periphery, (b) what type of content is processed of the emotional scenes, and (c) the extent to which overt attention is required to recognize specific scene content. A consistent pattern of findings emerged. First, when pairs of prime scenes were presented peripherally for 150 ms, that is, when there was no time to overtly attend to them, the recognition hit rate was at the chance level for all types of scenes, while the false alarm rate was higher for emotional than for neutral scenes. Second, when the display duration of primes allowed one or more fixations to be made on a scene, the first fixation was more likely to be directed to the emotional than to the neutral picture. Third, when there was time to fixate only one of the primes, recognition sensitivity was better for emotional than for neutral scenes, if a fixation of normal duration was possible, that is, the 450-ms display. In contrast, when either only a very short fixation could be made on one picture (i.e., 300-ms display) or there was time to make longer fixations on both pictures (i.e., 900-ms display), there were no recognition sensitivity differences between emotional and neutral scenes. These findings indicate that there is preferential processing of emotional scenes relative to neutral scenes in peripheral vision. However, this peripheral processing yields a coarse impression of the emotional scene (which then governs selective orienting) rather than an advantage in object identification (which requires allocation of overt attention on the scene).
No Advantage in Scene Identification Without Overt Attention
Identification of the specific content of scenes (e.g., the particular people engaged in romantic or violent acts) was assessed by recognition hit rate and the sensitivity index, which assess observers' capability to discriminate between presented and nonpresented-but related-scene content. Three findings reveal that the advantage in the identification of emotional over neutral scenes is dependent on foveal attention, rather than attributable to information acquired by peripheral vision. First, when scenes could not be fixated, the hit rate was at the chance level, and the sensitivity index was equivalent for neutral and emotional scenes. Second, an Third, correct recognition responses were faster for probes primed by stimuli appearing on the left visual field, which were, in fact, more likely to be fixated than those appearing on the right visual field. These three findings are consistent with the hypothesis that overt attention to the prime scenes is necessary for the processing of specific semantic information. An alternative interpretation can, nevertheless, be considered: It is possible that increased processing time is sufficient for peripheral identification without foveation. In Experiment 2, we could not separate the contribution of display duration (and therefore processing time) from that of foveation as, with 300-or 450-ms displays, both the probability of fixating the primes and the available processing time increased. One way to discern between these two interpretations would be to separately analyze trials with fixations and those without fixations. This possibility, however, was not viable due to the low or very unequal number of trials with and without fixations. Another way of approaching this issue would be to use a "moving picture" paradigm in which the prime stimuli would move according to the participant's eye position, thus always remaining in the periphery, while varying display time. A related procedure would involve gaze-contingent masking, that is, a 5°moving mask that would block foveal and parafoveal vision of the stimulus while allowing peripheral vision (i.e., beyond the edges of the mask). This technique was, in fact, used by Calvo and Nummenmaa (2007) for parafoveally presented pictures. In their experiments, processing of the affective valence of prime scenes was not obtained the first time a scene was presented for 150 ms, but the priming effect increased across successive presentations of the same scene and became significant after three or four trials. This implies that increased processing time resulting from repeated presentation can be sufficient for affective processing in the absence of foveation. Nevertheless, it must be noted that Calvo and Nummenmaa used affective priming rather than recognition measures, and parafoveal rather than peripheral masking. Accordingly, although their findings suggest that lack of foveation can be compensated for by additional processing time, their conclusions may not be directly generalizable to the current findings.
The current findings extend those of Calvo and Lang (2005) , who used the same paradigm and stimuli, but parafoveal-rather than peripheral-stimulus presentation (with the inner edges of the pictures located 2.1°away from the central fixation point). Following a 150-ms prime presentation, Calvo and Lang found that the hit rate for pleasant and unpleasant scenes was above the chance level, whereas the hit rate for neutral scenes was not; moreover, the sensitivity index was higher for emotional than for neutral scenes. Taken together, these two studies reveal that specific semantic information can be obtained from emotional scenes in the parafovea but not in the visual periphery (5.2°). This is consistent with prior research on the processing of nonemotional scenes. Specifically, Henderson, Weeks, and Hollingworth (1999) proposed that no specific semantic content is acquired from scenes in peripheral vision. Rather, semantic processing would begin when the saccade target is foveally fixated, or a fixation has landed relatively near the target region. Other studies using nonemotional scenes as stimuli have provided some support for the proposed distinction between parafoveal and peripheral scene processing. Specific semantic information (i.e., object identity) can be extracted parafoveally from nonemotional scenes (i.e., with target objects located between about 3°and 5°away from the current fixation), but not peripherally (7 to 8°; see Henderson & Hollingworth, 2003 , for a review). We have shown that this applies also to emotional scenes.
Gist Processing Advantage in Peripheral Vision
The conclusion that specific semantic information about object identities is not acquired in the visual periphery for either emotional or neutral scenes does not, however, imply that the functional field of view is equally limited for all types of information. There is evidence that gist or category information is grasped with only a very short fixation on a central area of the scene, before details are fixated (see Underwood, 2005) , and that this gist then guides object search (de Graef, 2005) . In addition, scene categorization (e.g., landscape, traffic scene, etc.) is possible when the scene is presented peripherally (i.e., in the absence of foveal fixations), even though viewers are unable to report precisely what they have seen (Thorpe et al., 2001) . Similarly, Gordon (2004) showed that semantic incongruity of a peripheral object in a scene attracts attention to its location, even before there is time to fixate the target object and when viewers are not aware of its identity. This suggests that some type of global processing of scenes occurs in peripheral vision prior to identifying specific objects.
The current study extends these findings by showing that gist information is especially likely to be perceived from peripheral scenes that have emotional content. Emotional significance is related to the gist or global meaning of a scene. In our study, two findings suggest that a global impression of emotional scenes is obtained in peripheral vision prior to landing fixations on the scenes: an initial emotional bias in selective attention orienting (see also Nummenmaa et al., 2006) and an increased false alarm rate for emotional scenes in the 150-ms display condition (see also Calvo, 2006) . Regarding initial orienting, the probability of first fixation was higher for emotional pictures than for the paired neutral pictures. As attentional orienting was initiated before a scene was fixated, this finding implies that the viewers had seen something of the emotional scene while it was still in peripheral vision, which then attracted the eyes selectively. The fact that low-level physical characteristics known to attract fixations (e.g., luminance, etc.) were comparable for the emotional and neutral scenes leads us to infer that attentional capture was probably determined by the emotional scene meaning. Nevertheless, peripheral perception was not sufficient to allow the viewer to identify the specific content of emotional stimuli, as revealed by the low hit rate and sensitivity obtained with the shortest prime durations. Rather, the information acquired peripherally must be relatively vague, such as a general impression of the scene (which leads to erroneous stimulus identification, as revealed by false alarm rates), although it is sufficient to subsequently attract overt attention.
Regarding false alarms, when the emotional prime stimuli could not be fixated at all (150-ms display) or could be fixated only very briefly (300-ms display), there was a tendency to misjudge the probe pictures as "presented", even though the probe had not appeared as a prime, but was related in general content and affective valence to a prime picture. False alarms to conceptually similar but visually different probe pictures have been interpreted as an indication of meaningful-although coarse-grainedprocessing of the prime (Potter, Staub, & O'Connor, 2004) . There is, nevertheless, the alternative possibility that the higher false alarm rate could simply be due to a greater similarity in visual features between the target primes and the related probes (which were falsely identified as targets) for the emotional than for the neutral scenes-hence the former being less discriminable than the latter. However, this alternative explanation can be ruled out on three grounds. First, the impact of low-level visual features was similarly minimized for all scene categories by presenting the primes and the probes in different color, size, and spatial orientation. Second, no differences in false alarms emerged between the emotional and the neutral scenes when they were presented foveally or parafoveally (Calvo & Lang, 2005) . And, third, in the current study, there was no interaction between valence category and prime-probe relatedness in low-level image properties. This implies that the degree of visual similarity between primes and probes was equivalent for both types of scenes, and leads us to suggest that the effect on false alarm rates under peripheral presentation is indicative of processing of gist, but not specific, information.
Why and How Global Emotional Significance Can Be Processed Peripherally
An important issue is, therefore, the nature of the meaningful gist information that may be extracted in peripheral vision. One candidate is affective valence, that is, whether stimuli are pleasant or unpleasant, good or bad. According to models of automatic emotional processing, the affective content of visual stimuli can be detected preattentively (Bargh, 1997; Zajonc, 2000) . One assumption of these models is that the processing of affect does not require detailed perceptual analysis or stimulus identification. Scene valence has indeed been found to be detected from the parafovea in the absence of fixations, under gaze-contingent foveal masking (Calvo & Nummenmaa, 2007) . Thus, we argue that peripheral detection of affective content is sufficiently powerful to capture the eyes toward an emotional scene. This notion would account for the results of Experiment 3, as well as those of Calvo and Lang (2004) and Nummenmaa et al. (2006) , regarding selective attention orienting. Furthermore, as argued above, such a crude impression is probably responsible for the erroneous probe identifications with short prime durations, as indexed by the results on false alarm rates in Experiments 1 and 2A.
This interpretation is consistent with neurophysiological data. Magnocellular neurons in the visual system are sensitive to peripherally presented stimuli and low spatial frequency (LSF) signals, whereas parvocellular neurons are responsive to foveal stimuli and high spatial frequency (HSF) signals (e.g., Merigan & Maunsell, 1993) . Whereas LSF signals convey coarse, global configural information, HSF signals convey fine-grained, detailed visual information. Furthermore, whereas magnocellular channels provide input to subcortical structures such as the amygdala (and then project to the visual cortex), parvocellular pathways project directly to the visual cortex (see Vuilleumier, 2005) . Regarding our own findings, this implies that a global impression of scenes could be obtained peripherally through low spatial frequency processing. In addition, given that the amygdala is involved in global or gist emotional processing (see Zald, 2003) , it is understandable that the emotional, rather than the neutral, scenes were analyzed by such mechanisms and in such a coarse way. In contrast, precise object identification was not obtained until the scenes were foveally fixated (and thus HSF information could be extracted).
Two types of findings are in agreement with this explanation. First, Vuilleumier, Armony, and Dolan (2003) found that LSF and HSF inputs drove amygdala and visual cortex responses, respectively. Faces with a neutral or a fearful expression were shown centrally for 200 ms. Amygdala responses to fearful relative to neutral expressions were greater for LSF than for HSF faces. In contrast, fusiform cortex responses were greater for HSF than for LSF faces, regardless of expression. Second, Holmes, Green, and Vuilleumier (2005) presented a neutral and a fearful face peripherally for 30 or 100 ms; the faces were replaced by target probes. Faster responses to probes appeared when these replaced an LSF fearful versus a neutral face; in contrast, no response differences appeared between HSF fearful and neutral faces. These findings imply that emotional information can readily be extracted in peripheral vision from low spatial frequency input. An interesting aim for further research is to extend this approach to other types of emotional pictorial stimuli. Our data suggest that also complex scenes and positively valenced stimuli may benefit from low spatial frequency information processing in peripheral vision.
Conclusions
To conclude, (a) there is no semantic processing of specific contents of either emotional or neutral scenes when presented in peripheral vision; nevertheless, (b) global meaning (or an affective impression) may be obtained peripherally from pleasant and unpleasant scenes, which is assumed to be responsible for subsequent (c) bias in attentional orienting to emotional scenes when they are presented simultaneously with neutral scenes; and (d) the processing of specific scene information begins when the scene is overtly attended (i.e., when there is at least one eye fixation on the stimulus). Accordingly, the present study demonstrates that foveal vision and overt attention are necessary to acquire specific scene information, at least for single and short scene displays. There is, however, the possibility that specific peripheral information accrues with additional processing time or repeated presentation of a scene. Nevertheless, covert attention (i.e., in the absence of fixations on the stimulus) can be sufficient to obtain gist information or a general impression of what the peripheral scene is about. As this occurs particularly for emotional scenes, relative to neutral scenes, we conclude that coarse-grained affective meaning is especially accessible to covert attention.
